In this work optimization of turning parameters for turning Ti-6Al-7Nb Titanium alloy has been investigated by orthogonal array along with Grey relational analysis coupled with principle component. Parameters such as surface roughness, tool wear, roundness, material removal rate, temperature and power consumption are considered as performance characteristics of the turning process. By orthogonal array eighteen experiments are carried out in the CNC machine by considering cutting environment, cutting speed, feed rate, depth of cut, nose radius, tool coating type and insert shape angle as turning parameters. From the grey relational grade the optimum turning parameters were predicted. Also the influence of individual turning parameters is carried out by Analysis of Variance. From the largest value of grey relational grade parameters , cutting environment: wet, feed rate : 0.08 mm /rev, cutting speed: 100 m/min ,insert angle: 80 0 , nose radius: 0.4 mm, tool coating type :
Introduction
Titanium alloys are used in light weight applications in aerospace, automotive, energy, chemical ,food processing ,marine, nuclear waste storage and biomedical industries because of good mechanical properties, high strength to weight ratio, low thermal expansion coefficient, excellent cryogenic properties, good fatigue strength, high strength at elevated temperature and corrosion resistance. Titanium alloy has poor machinability due to very low thermal conductivity and hardness (Ezugwu and Wang,1997) . Several inherent properties of material and chemical reaction with tool material leads to shorter tool life and low material removal rate. The important task in turning is to select desired cutting parameter to achieve higher cutting performance without affecting quality and usually these parameters are determined based on manufacture hand book, operator experience or trial and error method. Taguchi based Grey relational analysis is used to evaluate the unknown relationship among process parameters and the performances.
Literature Review
In manufacturing industries turning operation is widely used. (Philip Selvaraj et al., 2014) optimized the cutting parameters by ANOVA and signal to noise ratio for analysing the effect of feed rate and cutting speed on cutting force, surface roughness and tool wear and found that cutting force and surface roughness are controlled by feed rate and for tool wear it was identified as cutting speed. (Makadia and Nanavati,2013) by Response surface methodology investigated the effect of speed, feed, nose radius and depth of cut on surface roughness of AISI 410 Steel and concluded that for the surface roughness, feed rate was major factor followed by tool nose radius and cutting speed, depth of cut has no influence on surface roughness. (Narasimhulu Andriya et al.,2012) worked on the machining of Ti6Al-4V using PVD TiAlN coated inserts to investigate the effect of cutting speed, feed, depth of cut and effective Optimization of process parameters in CNC turning of Titanium alloy with carbide coated tool inserts using grey based Taguchi analysis Responses Input variables rake angle on cutting force and surface roughness and concluded that cutting speed and feed influences most significantly on the surface roughness, feed and depth of cut are significant factor in cutting force. (Rao et al., 2013) investigated the influence of speed, feed and depth of cut on cutting force and surface roughness of AISI 1050 steel and found that feed rate has significant influence both on cutting force and surface roughness. Depth of cut has a significant influence on cutting force, but insignificant influence on surface roughness. (Ramesh et al., 2006) analysed machining of Ti64 alloy by CVD (TiN-TiCN-Al2O3-TiN) coated carbide inserts. They found that cutting speed and feed rate has greater effect on surface roughness followed by the dual interactions of Vf, Vd, fd using response surface methodology.
(Arumugam Kadirvel et al.,2014) employed Taguchi based grey relational analysis to optimize the multiple response characteristics of the die sinking micro-EDM .Similarly the researchers have applied grey relational analysis to different machining processes to study the performance of alloyed carbide tool in dry milling (Ginting and Nouari,2006) ,micro milling of Al 7075 material with ball nose end mill (EmelKuram & Babur Ozcelik,2013) ,electric discharge machining (Narendersingh et al.,2004) ,end milling (Lu et al., 2009) , grinding of AISI 316 stainless steel (Manimaran G & Pradeepkumar2013) ,, friction stir welding of AM 20 Magnesium alloy (Prakash kumarsahu & Sukhomay Pai,2015) and optimization of drilling of AI/SiC metal matrix composite to minimize surface roughness, cutting force and torque (NoorulHaq et al.,2008) .
It is found from literature survey that no author has conducted parameter multi objective optimization with turning of Ti-6Al-7Nb. In this paper an optimization in hard turning of Titanium alloy Ti-6Al-7Nb using Taguchi based grey relational analysis coupled with principle component analysis is carried out. Based on Taguchi orthogonal array eighteen experimental runs were conducted to identify the best factor level combination.
The effect of input variables over the response was studied by assessment of single weighted grey relational grade. The interactions between the input and response are shown in figure 1 . A commercial Ti-6AL-7Nb biomaterial alloy (Mamoun et al.,2013) Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) Table 2 . Physical and mechanical properties of Ti-6Al-7Nb alloy of Ti-6Al-7Nb alloy
Cutting tool
Carbide is used as base material for the cutting tool. Coated carbide tools are employed in machining of Titanium alloys due to improved performance in tool wear. In this experiment three different nose radius, three different insert shape angle and three material coating cutting inserts were used and the details are listed in Table 3 . 
Design of experiments
The experiment was designed using Taguchi method which uses an orthogonal array with a limited number of experiments. The control factor and their levels are given in able 4. This study needs 13 degrees of freedom (each three level parameter has two degree of freedom and two level parameter has one degree of freedom). Therefore an L18 orthogonal array is selected because it has 17 degrees of freedom. Of seven parameter chosen, six machining parameters are with three levels and one machining parameter with two levels are selected for experimental analysis. Design, Systems, and Manufacturing, Vol.12, No.4 (2018) 3.4 .Experimental procedure Fig. 2 . Roundness test Fig. 3 . Surface roughness test For improving the quality of the product by design, Taguchi method helps in design and analysis of experiments systematically. By using L18 orthogonal array, seven turning parameters are considered as controlling parameters such as, cutting environment, feed, cutting speed, insert angle, nose radius, tool coating material and depth of cut of which parameter cutting environment is taken as two levels and other parameters are at three levels. The parameter used for experimentation is shown in Table 4 . Table 5 shows the experimental result of performance characteristics of L18 Orthogonal array and their result.
T

Experimental results and Data analysis 4.1 Grey relational analysis coupled with principle component analysis
4
Turning operation of Ti-6AL-7Nb alloy is carried out in Jyoti DX 200 5A CNC turning centre, in which the turning centre has a maximum spindle speed of 4000 rpm and power of 7.5 kW. The run out of the spindle measures 7 µm. The surface roughness (Ra) was measured using kosaka make surfcorder model measuring instrument (Figure 3 ). The cut off and sampling length of measurements were 0.8 mm and 4.8 mm respectively. Flank wear was measured by tool maker's microscope. Roundness was measured by Roncorder radial accuracy of ± 0.02 µm (Figure 2 ). Material removal rate was calculated by measuring initial and final diameter of work piece by digital micro meter. The temperature was measured by using Fluke make infrared thermometer in the range of 0 0 to 100 0 C, power consumption was recorded and analysed by using power sight manager software. Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) ѕ i Grey relational analysis was first proposed by (Deng, 1989) in 1982 to optimize the process parameters with multiple performance characteristics. In this experiment five processing characteristics to be minimized and one has to be maximized by choosing appropriate processing conditions. The entire problem is converted in to single objective problem using Grey relational analysis and the weightage to individual quality characteristics are calculated based on Principle component analysis.
Methodology
Step 1: Normalization of S/N ratio Signal to noise ratio helps to determine the robustness of the experiment, (Tzeng and Chen, 2006) . Calculation of signal to noise ratio for surface roughness, tool wear, roundness, temperature and power consumption are calculated by equation (1),the lower the better concept is followed. ρ = −10 log ( 1 ∑ n ѕ 2 ) (1)
For material removal rate signal to noise ratio is calculated by equation (2), larger the better concept is followed ρ = −10 log ( 1 ∑ n 1 )
Where ρ represents the measure of signal to noise ratio in decibels, Si is the response value for i th experiment, where i is the experiment number, n represents the number of replications for the response.
Linear normalization for surface roughness, tool wear, roundness, temperature, power consumption and material removal rate were performed to avoid the effect of using different units and to reduce variability .It is in the range between zero to one which is called as grey relational generating (Radhakrishnan et al.,2011) . Surface roughness, roundness, tool wear temperature and power consumption which are the smaller the better (Raju and Suhas,2011), performance characteristics are normalised as follows
The material removal rate which is higher the better (Balamurugan et al.,2009) performance characteristics is normalised as follows
Where Pi * (k) is value after grey relational generation Min P i (o) (k) is the smallest value of Pi (0) (k). Max Pi (0) (k) is the largest value of Pi (0) (k) Step 2: Determination of deviation sequences
The deviation sequence is determined using by
Where Po * (k) is Reference sequence and P * (k) is Comparability sequence.
Step 3: Calculation of grey relational coefficient (GRC)
The grey relational coefficient is used to express the relationship between the ideal and the actual normalized experimental results. It can be expressed as
Δmin is the smallest value of Δ oi (k), Δmax is the largest value of Δ oi (k) and ζ is distinguishing coefficient generally 0.5.
Step 4: Determination of weighted grey relational grade (GRG) The grey relational grade is an average sum of grey relational coefficient. It can be expressed as
0 =1 n Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) ϒ (xo -xi) is the grey relational grade for i th experiment and m the number of performance characteristics. The weights are given to the individual GRG. The weighted grade relational grade is calculated by
Where W1, W2, W3, W4 ,W5 & W6 are weights associated to individual quality characteristics. In this experiment weights are calculated by principle component analysis. The higher the grey relational grade indicates best multi performance characteristics which is closer to ideally normalized value.
Step 
yi (j), i = 1, 2, …m number of experiments, j = 1, 2,… n number of response variables. In this research, m=18, n=6 and y is the Grey relational grade of each response variable from Table7. Then, the correlation coefficient matrix Pjl is obtained using the Eq. (10).
Cov (yi(j), yi (l) is the covariance of sequences yi(j) and yi(l) , σyi (j) is the standard deviation of the sequence yi (j), and σyi (l) is the standard deviation of the sequence yi (l). eigen values and eigenvectors are calculated from the correlation coefficient matrix by Eq. (11).
{ −
} .Vik = 0 (11) Vik is eigen vectors corresponding to the eigen value λk. The uncorrelated principal Component is formulated as Zmk =∑ =1 m (i). Vik (12) Based on the variance, principle componentsare framed in descending order so the first principle component Zm1 accounts for most variance in the data.The percent contribution of the eigenvectors of first principle component were selected as the weighting values of corresponding response variable shown in Table 6 . The calculated grey relational grade and weighted grade for L18 array is shown in Table 7 .Of eighteen experiments conducted experiment number eleven has the highest grey relational grade. The significant parameter which affects the performance characteristics is investigated by analysis of variance and the response Table 8 was employed to calculate the average grey relational grade for each factor level. Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) The optimal turning parameters are feed rate at level 1, cutting speed at level 3, depth of cut at level 1, nose radius at level 3, cutting environment at level 1 and tool coating at level 1 and insert shape angle at level 3. The feed rate has maximum level difference (Max-min) value. 
ANOVA
The significance of each parameter and their interaction in relation to grey relational grade is carried out by using Analysis of variance (ANOVA). From the Table 9 it is evident that at significance level of 0.05, the cutting environment, feed, cutting speed, insert angle, nose radius, tool coating material and depth of cut are the significant parameters for grey relational grade during turning process. Figure 4 leads to the conclusion that first level of cutting environment (A1), first level of feed (B1), third level of cutting speed (C3), third level of insert angle (D3), first level of nose radius (E1), first level of tool coating material (F1) and third level of depth of cut (G3) provide the minimum value of grey relational grade. Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) Fig. 4 . Effect of control parameters on grey relational grade.
Confirmation of experiment
A confirmation test is to be carried to check the responses after obtaining optimum conditions. To predict and to verify the improvement of response variables using the optimal combination, the estimated weighted grey relational grade equation is calculated as
Where ϒm is the total mean of the weighted -GRG, ϒI is the average weighted -GRG of the optimum level of i th machining parameter and q is the number of the main design parameters that affect the quality characteristics. With the aid of input parameters the estimated grey relational grade is calculated by Eq (13) and the results of confirmation tests are presented in Table 10 . The SEM image of work piece Ti-6Al-7Nb Titanium alloy before and after machining is shown in figure 5 (a) and 5 (b). work piece after machining. Kuppusamy and Ramalingam, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.12, No.4 (2018) 
